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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high output light 
emitting element having semiconductor multilayer 
structure provided with n-type and p-type nitride 
semiconductor layer on the first and second major 
surface of an active layer having quantum well structure 
of a nitride semiconductor containing indium and galliurn 
wherein the n-type semiconductor layer includes a first 
n-type clad layer provided contiguously to the first 
major surface. 

iSOLUTION: The nitride semiconductor element 10 has 
semiconductor multilayer structure comprising a first n- 
type clad layer 14 and a p-type clad layer 16 
sandwiching an active layer 15. The active layer 15 
includes a nitride semiconductor represented by 
InmGal-mN (0<m<1). Band gap can be varied to emit 
the light over a range from ultraviolet to red by varying 
the ratio (m) of indium. When a quantum well structure is 
employed in the active layer 15, a high output light 
emitting element can be obtained through strained 

quantum well effect, exciton emission effect, etc., regardless of LED element or LD element. 
When the active layer is nondoped, band emission having narrow half-width can be realized. 
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M 1 5 14, #-*^-#p«3tO^T'«#FJi$: 1 0 0 

;it(3D«^-e««4fFJiS: 1 0 0;r>^''X ha-i:^aTcD 
m^iZfS'-o^mM^ 1 5 0:;r>i^x Ha-AJJAT<©;^ 

ji{47 07r>y7>hn-^tAT®l¥$5:^f S3i:7b"^$ 
e>tC^if^L<, 5 0:4->y;i.hn-AJ^ATcDg:$S:^-r 
S z: 7!)':«=fc^ff * LV \ {4. l O O ;f 

#a*^#:^«ig®-^S«M(4, 2 0 0:^>^:r';?.h 
n - Aa±®jS$ 3 i:7b«#(af * U < , its, 

0. 5 /im^ &*UfS. 

[0 0 2 8] m-A^^pmm. #«4^#F#lisv^•r 

4xcDvS'f4Ml 5^c^3v^Tt), ?S'l4Jl{4nM, pSi!v^■rtl 
[00 29] ?mM 1 5 (C J:thV* 7tt4 
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[0 0 3 0] L^^Lf£t)^i. ^^m\zis^^Xi,i. ?S'[4Ji 

[0 0 3 1] '^mMi 5(Dmi(D^mzmLxwtn^n 

?^^!)c$ tiff §ft&®M^t:tl^#:S(C ^ ^ ^' D < 20 

1*, nMlnj Gai-j N (0<j<l) X^^i-^Z 
t.ti^Mt.L^\ 3©Inj Gai-j N^CfeV^T, j <DU 
it. 0<j^0. 5(D^HF^tC&S3il^W*UV^ - 
latCl n G a N tt. In CDJ:E^5:#- < "T S (Cg^V \ 

jfflli, $'btc»*L<li0<j ^0. 3, 30 
Jf*b<lio<j SO. 20«gHWc$)S„ 

[0 0 3 2] Sfe, l^lCDnM^'^'y FJll 4®:3p^U 
TtlSli, 1 X 1 0 18/ c ni3 ~ 1 X 1 O20/c m3 ® 

^•V 'J ytiS;^)^ 1 X 1 0 18/ c m3 J: y %iI?:S:v x^vStt 

mmiz.^} V , mjsnm^ ^ >v f® 1 4 cfi©^-v u ras 

TbU X 1 O20/cm3 J:U*j:^^l'^i:lllCDn§!!^'^^V 

[0 0 3 3] m©nS^^>y F)S1 4ti, -^-CDiS^^C 

I 4 tilt. -^ItT', 3 0 0::r>i^:^hO-ARi::C0;i:$ 

Mi^m (?S'[4JS+^l ®niyi'^-y FS) (D,BJ*;^^3 0 
0:^>^'•xhD-/^J:';*^#v^i:, 'imMi^iS^Z^m 
lC0nii!i7^.<y FMl 41C, ^^jtCliHl CDn§?^'^y 
FJitc^LTigwe>4a-5S'JC0^'f[:!t^^#:®(C, l&T-^ 
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5. ±fCfeiE^fe i e».lC, I n G a 5:-^tj>^^b!^¥# 

$-&SCOtc:t^t?feS*\ ^(7)|^;?S: 3 0 0:^>^'">!. F 

[0034] ?S14)il 5(Z)||2©i®{CSUTJ^fi!cS4x 
Tv^spi!!i7^>y FMi 6ii, pMS^ti^^^^jsT-jg^ 
^©J;e>?S;^lbifei^»i. ^Ing Alt G 
ai-s-t N (ZIZU OSs, est, s + tSl) 

[0 0 3 5] mRi u±. -y-^r-fr (c®, r®, a 

®5:-^t^) , SiC (6H-SiC, 4H-SiCS:-^ 
tf. ) , Si, ZnO, GaAs, (MgAl 

2 04 , ( 1 1 1 ) ffi) , G a N, mim^m- 

^^t>\ -m.mz\t. If^r-CT, GaN* 
[0 0 3 6] a®l l±(CJ^f!!c$tlTV\§7N'>i/77M 1 

2li, SKI 1 i:^(D±lcj^fiXSrt5m#^ftiiii 

y, mtfGaN, A IN, GaAlN^tCJ:y|SS:^ 

>'^'-'7.Fo-A®fl:$lc?^f!a$4aSo ^fe, 
^cD±^CJ^fi^$4^SS'ffc^^^#:i:^-?■^7^)^iav^ S i 

izi it,'^^<D±\z^m-^n^mitm^i^m'm:^L 

TVNS^tcii, z:©>'t>y7rMi 2tt?^^$*i^VNz: 

[0 0 3 7] A^yrMi 2±\Z\t, HlODniSi'^^y 
KM 1 4 tC%^UTnS[n>^f ^ hJi 1 3 :«)^^$tiT 
ZlOTnMn^^i' FiSl 3l±, GaN, AlGa 

[0 0 3 8] ^11 (cmS(D=g^#;M?:^^bfe 

[0 0 3 9] nSIln^:?^' FJf 1 3li, GaNT?^^i- 
h;!)';^$tu (Vf) 

m^^B(Dmm^mzit^xmtix^^^r:i 

4?), ^C0±tC^:S$i±5^ 1 0 nM^ 5 F» 1 4 ^® 

[0 04 0] nMri^'^f^' hill 3(Z)=Sr-V'J7?i 

R&Ih(Z)|S,??./)^6), 5X1 OlVcni3 ~5 X 1 0l9/c 
[0 0 4 1] :ft«ffil 8li, nm::iy^i^hMi3t(D 
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> (Ti) (Au) t^^ti^mm^. 

(Ai) t.^^ti±}mn. m^it'ernhmmmm^t 

[0 0 4 2] pMi'^-y KMi 6±(C{i, v^-ny^^ 

vmii imm,^^ -e®±(ctt, iews 1 9 t>'^Bi$.-^ 

4^Tl.^■5„ p^=!>^^ Mil 7tt, GaN, AlGa 

Nm-emm-t^ ziitiwtb^\ p M=i > ^ 

1 7 & G a NT'J^^-rS lEnM 1 9 ilOD J: y — M^f 

[0 0 4 3] IE«M1 9^lCD^?*Lv^:4--^>y^g^^O 

<D{STR&lh<DSI,?^.;<)> e., p M=i > i' hM 1 7 (Z):^r-V U 
T-iiS^i, 1 X 1 Ol7/cm3 ~1 X 1 Ol9/cm3 <©■ 

[0 0 4 4] IE®11 9li, pM=I>^i^ bill 7il(Z) 

>r;i/ (Ni) (Au) ii?:-i-tf^M#^^. Mx.«^ 

v\, z:cD^^cfev^T, lE'a^igti, p^GaNn^ 

[004 5] EI 2 tt. ;2fs:|S0^om 1 (Z)^R!M^C j: S^'fbiffe) 

2 0ti, IglOTniH^'^'V KSl 4 i:nitf=!>:?^ 

1 3 iioraic, ^2(Z>n§y^'^-v F®2 1 ^rggWfeJW^ 

ti. III 1 iz^.-tmim^im^tm^o^m^^^-r 

[0 0 4 6] z.cD^ytM'f-zoiz-is^^x. miizm-t^ 
^m^mmzmu u rist-t "b nr v 2 cd n 5 >y 

^«s:T'?^^*StlTV^So ZKDJ: •5^112 CD nill^'^^y 

Kji2 1 $:|St-t-g>Zli:lCj;oT, UlCDnM^^'vF® 
1 4 i:(Z)PBl(Z)/'?> y < -rs :i ^^O'^t 

[0 0 4 7] z:®||2CDnS!i'^^V FM2 ^if * b 
<l±, ngJAla Gai-a N (:!:3T% 0<a<l) X 
mi&^n^. Z.(Dm^l>Zi3\,^X. acnm^t. 0<a< 
0. 6®^Hl^tCg>^z:i:7!)WS b^^o AlGaNti^ 
©iiSa^*'fJ:b«?61]38!<, 0. 6J:^J;^^V^^, ^l(Z)ni5 

Kill 4CD#^E^C=foA^*^*?e)-f, -?-(7)Ji{C^r5>y 
IBJiCfe^;^)^e5T'^-5= attli, 0<a^0. 4CD«SHF'iI 
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Ala Gai-a N*;tliPI^©^$:t)oT^$tlS^^b 
i^4i#^5:#fCA 1 GaNi;^t--5:!:i:A'5fe'5*fc, 
||2<Z)ni2^'5>V Fii2 lO^^r^UTiaSii, 5X10 
17/c m3 ~ 1 X 1 OlS/c m3 (DfgHf^tCfeS^i:;!)'^ 
M* \ -5-G)=3p-V U rtiS*': 5 X 1 0 17/ c m3 J: vj 
^i&\>^t. AlGaN(Dmirnmtf^<^J^^<^X% 

- — -eo^JF-i'.UTiagTbUXlOlVcmS J:yt^lS 
V^^; A 1 G a N0!),^a^B'tt7b^<'S:y?m&^)!)HST-t5 

10 i)^f3x$>^o m2<Dnm^^vm2nt. m^. so 

[0 04 8] ^11, /^v7riil2, nl!!=l>;5td7 
FMIS, nM^^-y F® 1 4, t&IDfi 5, p§!!^^ 
>vFJfl6, piy=]>:?^' h)il 7. :ft®lll 8 j3J:r>' 
iE®l 1 9 tt, 01 ICH UTSiBl Lfea 'J ©fea)T-S> 
5, 

[004 9] E! 3 I *|§B^CD|| 2 ©ffllMt^ i ^^ffctl 
20 .5, 

[00 50] 03 ic^l-^{bt(^#:^^?- 3 0 li, 

?S'i4Mi 5, MmcvS'fiMi 5&wtJT•^^"ev^snM 

i'^^y FM3 4feJ:t>'l|l®pS^'5^> F»3 6:<)Mi>& 

-5i}^ft«)l«it^*-r^. z:co^#M«ittt, EI . 
UzBtm^tm^ y^^y•7r® 1 2Sj:rJfnMr3>^f 

^h®13$::^LT, S«l l±tCtgt1-^>4xTV%S„ 

'Sill 5(Z)^2(Z)^®^c^LTle^■^•'i4^Tv^§l|la)p 
m^'^y FS3 6tt, -f>>'''i'Ai::;ti'U't?Ai:$:'^ti'P 
^CDM-f[*^f*T'J^^$in5c I n il G a ^-^tlMit 

riii; LTf^ffl i o tc?g'ffii i 5 

J:t>*-?-4xift;ic, $>^\>m:^(D±izm^^tU^^i&<DS. 

^lCDp§!!^75>y FiSS 6{i. pMI nk Ga 
l_k N (0<k<i) -e?gfi)^-rS3i:^^S*bv^„ ^(D 
I nk Gai-k N^CfeV^T, kCOfflliU 0<k^0. 5 
C9«gHP*3(CfeS 3 i:7bW^ L V \ -mz I n G a N 
I nCDJ:t^5:#<-rSlCt^ev\ m^d^tti^'^^mzMK^^^ 
40 fiioilc&iJ, pM^^^-y FSi:bT^Mm*^tc^M 

0. 5J^ATT'fe'5:li:;^)W*bv^CDT'$>•5o k^itJ, $ 
e)tC^f*L<t±0<k^O. 3, afeiff*U<tiO<k 
SO. 2C0«Effll^(C&^o 

[0 0 5 1] mi(DpS^'7«y FM3 6<D:3p^'J 

TtiSli- 1X10 17/ c m3 ~ 1 X 1 0 19/ cm? CD 

6 tpcD^-v g TrSKA'= 1X10 17/ c mS J; feii.^;^:^ ^ 

50 T-r-SMl^tCfe >J , ftfc^ p Mi' ^ ^y FJl 3 6 tlpcD^^ U 
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rtiSAU X 1 Ol9/cm3 J:^J%:'<:^V^fc|glOpM 

[pI(C^§;6^^3T'fe-g)„ miOpM^'^^^ KM 3 6tt, 0 
1 ic^-t^igicfet-j-^ p ^ >y F» 1 6 (CM LTiiE^ 

[0 0 5 2] lllCDpM^S'^'V KM 3 6«, -^-COJ^SIC 
#{C$!jP5l±;fcv -^g^SJi 1 5 i;^ 1 (D p Mi' ^ -v KM 

3 6 ^tt, -^ItT-, 3 0 0:^>i7'::^ hO-ARhCDJ¥2 
^m-t^ Z. t. 7!)^M* L'V>o InilGai; ^^ti^iiA^^ 

mi^m (fmm+f^ lo^m^^y kji) <Dmmti^ sow 

1® pMi'^^y FM3 6fc, $5>fctil|icopMi7^>i' 
■So J:tC%;izE^7^ J: e) tC, I n i: G a ^-^t^^-ftt)^ 

jSMfPS-f±-5<i:e){C;6;5, z:©a;?li, l/im&^T 20 

[0 0 5 3] ?SttMl 5(D||l<D±®tCgfbT?^^$tV 
T V ^-5 nli!i7 ^ KM 3 4 tt, n^g-ftitlit^^T^^ 
^tl^, ^<DJ:z):^^mim^mt. S;lnu AIv G 
ai-u-v N iZ.Z.-V. O^u, OSv, u + vgl) 

[0 0 54] »Kli, >'^'>y7rMl2, nMn>^i7 
hSi3, ^S-ttMiS, pM=i>^i' hMi 7, :t®fi 
1 8fej;t)«iE®fil 9ti, SltCSBbTiiPHLfeii'JCD 
%CDT'$>-5, 30 

[0 0 5 5] E|4li, 2is:|g^cOlg2cDffi!MtCi;SS'ft;4ll 

4 0ti, ||i(7)pM^'^>y KM3 6i:pi!!=i>'^^' hM 
1 7 i:c3Dr^{c, :l|20pg?i'^>y FM4 1 Sriewfe^JWI^ 

[0 0 5 6] 3(7)^^^-f-4 O^CfeV^T, 03tC5^ff§ 
3^-7-«^tC#dD L TlSt-t tlT V ^ 2 p ^ «y 
KM4 1l±, T;ba-'i7iAi::^';^7^$:-^tfp§9g'fbt» 
^#:^??^^iSc$4^TV^^„ 3roJ:-5'S:l|2<0piyi'5>y 40 
FM4 1 $:g§t-j-.5.z:i:tCj;oT, ||l®pMi7v>y FM 
3 6 t.(Dm(DAy Y:^^y:fm^i^^<'f^^i^i3^'^ 

[0 0 5 7] zi(Dm2©p§s[i'^>y FM4 itt, *T*b 

<tt, pMAlb Gai_b N (i^T-, 0<b<l) 

z:<z)^^cfev^-c, bofiti, o<bg 

0. 6 0DfSHWC^>5Cl^lAW*bV^. AlGaN«-?- 

(D'i^^t)'tmifim.<> 0. 6 J:^J>«v*V^il, UlCOpM 
FjS3 6(Z)#i£fC%A>7b^t)e3-f. ■5-<Z)Mtci7 5^y 
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iBjtCfe-STb^e^T'fe-S. hWit. 0<bSO. 4CD4mf^ 

[0 0 5 8] t.tc. ||2(Z)pM^'^>y FM4 1(7)^-VU 
7'?gSti> 1 X 1 Ol7/cm3 ~1 X 1 OlVcmS O 

10l7/cni3 J;^J%{gV^i;. l/5^00iE3lO?i 

15. -eC0=^f -V U Tli;K7!)"< 1 X 1 0 19/ c m3 J: U %|B,V ^ 

A 1 G a ii(m^&m<^A ^)mmmimrt^ti' 

gj-Cfc^o l|2®pMi75->V FM4 Itt, 5 07^ 

>i''7. Fn-A~0. 5 MmC!);i:^5:=boTf^^-t5>Z. 

[0 0 5 9] ^11> A-y-7TMl2, nl!=i>^^' 
FM13, vS-IDfiS, piUn>^i7 FMI 7, 
1 8i3J:I>'lE@fll 9l±> HlfCiflbTm0HbfeiiU(^ 
%jCD"e&U, nMi'^'y FM3 4^3it;i|lCZ)piii7^ 
«yFM3 6a, 03tC@|bTgi^bfeaUCO*><^T& 

[0 0 6 0] H5l±, *fgB^©l|3®ffi!l®{Cj;S^'fbif^ 
[00 6 1] 05 tC5^-r^^b#^<!|£|§7t*^^ 5 0 ti, 

1 5 , Mt>'tc?S'[4M 1 5 ^t<Dmw-^wo% 1 ® 

nMi7 ^ >y FM 5 4 $:-^t^ n§£^#:M 5 0 1 S JctJ^H 
20pM^'^^y Fig4 1 $:^t?pM^#:M5 0 2;?)>e) 

FMl 3 S/rbT, a^l l±^C|g^te34^TV^§„ 

0 5 -eti, nM^^s® 5 0 1 m 1 CD nMi' 5 ^y F 
M5 4(Cj:';||^$inTV%S„ 

[00 6 2] 5 0 tt, 01 lC5^-m3«^^ 

1 oicfeit^SnMi'^^y FM«^ii04(c^1-pS!i7'5 

^y mm&^m.^'^ib^rc^^mmm^^mii^^oy 

^«yFM5 4tt, 01(C5^-tl|l(Dn3i!i'-7^y FMl 4 

1 CD p Mi? ^ ^y FM 5 6 ti, 01 ic^^l-Jg^^-T- 1 o {z 
SttS pMi? ^ y FM 1 6 v^-r4^cD pM^-ftt) 

^#:T'?^^bT*<J:V^z:i:tJt);^)^ofco ZKDJ:-^)^^ 

[0 0 6 3] J:'J!¥b<Si0S-ts^;, ^iconMi'^^y 
Fji5 4ii, TJl^-OJ^^-^t-fj^^^nrnMit^^Hf^ 
lCj:'J?g^«$tl-5, ZCD^lCOnM^'^'y FM5 4l±, 
nMl nw Gai^ N 0^w<l) T-Jf^-t 

-2)3il*W* bi/^o f'Sit)*), ^®l|l<Dni![i'^<y F 
M5 4tt, 01tC^-r5§3^^-l OlC^lt^^lCDnM 
i'^^y FMl 4tcB8bT3iH^b;feniiS'fbtJ^«:T'?^ 
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^-r -5 Zl =fe)T'g S ni?G a NT'^^^-TS Z. t ffiX' 

<, $e)tCi?*L<{iO<wSO. 3, M^0tL<\ti 
0<w^0. 2<D$SHl^tC$)S„ l|lC7)niy^'^>y Kii 
5 4(7)^-vUT2iSfe> m^(Dm^^^^^ 1X1018/ 

cm3 ~i X 1 o20/cm3 (Dmmmc$}^z.t.t)mi 

PS^±;5;v^;<)\ |si^0aa;<)^e, ?S'[4jii 5i:^i©nli! 
i^^^y K»5 4 iitt, -o-ftT-, 3 0 0;t>i'*XhP-A 

Rh®ff:$ $:«-r -5 z. L ^mt. L < , 1 M Tn&.r<Dm^ 

[0 0 6 4] EI5(C5^t-fS3t^^-5 OlCdSV^T, vSS^ 
(Dm 2 CD±®(C^ LT?^^$ tlT V 1 ® p 5 >V 

KM 5 6 V N-rticD p mmm^i^x^m^ lx^^ 

>y FM5 6tt, p5?I nx.Gai-x N iZZ.X\ O^x 
<1) T'?^^t-■S3ilA>a*LV^o m3(D^^^30 
izi3i-^^mi(Dpm^^^y FM3 6{cgSLTgiHBbfeS 

3(DmmP^. *%j»^b<li0^x^O, 2®^HP*gtC 
3(Z)|gl®pMi'^>y FS5'6%|^^tCGaNtC 

m^CDaSTb^e^, 1 X 1 0 17/ c mS ~ 1 X 1 0 
19/cni3 <Z)fgial^^c&S3i:*':M*LV^. se>ic, H 
1 © ^7 ^ -y KM 5 6 lCffilP5tt?5: V ^;&\ IH^ro 

jS'ffiB 1 5 iKD-^siX. 3 0 0^>^*;^ hn 
-AJiA_h(75jp:$5:*f SriiTi'^M* L/<, l/im^^^TO 
;p:$ TbW* L V ^, Tfcfe, ^ <z)^ 1 ® p §i!^ ^ y KM 5 6 

■ ^<y K®;<)VN'-y:7rSi;LT#ffi-ts©T'i'^-y^'*';* 

[0 0 6 5] ||2<^p§J!^^-y KM4 lli, m^\Z.7s<t 
Wmi-^ 0{cd3H--g>^2CD^''7'y KM4 i{cov>TSi 

[0 0 6 6] a^i 1, /-^-v^rMi 2, nitfn 
^^ri'hSia, pM=i>^Ji' hMi 7, AS^l 8fe 
J:t>'lEmi§ 1 9 (i, EI 1 \Zm-tW{M=}- 1 0 (CIHLT^ 

[0 0 6 7] 126^, ;2(s:#|0J(Z)||3(O«StCi^^#: 
^«^^-OS!J(DJ^ffi,(^«litS:5^^lifStST®l2IT'$)S, Z. 
©?g^^^6 0«, n§a=l>^^:' hJil 3i;||l(7)nii! 
^7 ^ >y K® 5 4 iicOMtc, ^ 2 CD nM^' 5 >y KJi 2 1 ;!)^ 
ilADJ^fiK^ 4XT V la 5 tC5^t-|§3^-? 5 0 h 
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\%. m 2 tC3^-t^3l6^d=- 2 0 (CfeWSlg 2 © nUi? ^ >y 

K®2 l^COV^TI5^BBbtaU(Z)t)©•t;•^5„ H 

i(5DpM^^>y Kii5 61*, WB&f-5J;'J%. 3;n^iS 
itfclSmJt U\r^Zt%. B 5 fC^f 5 0 CD^ 

-^^|iI#T'fe-5= J^O:, 3^fgW0^10ffi!l®«:VNb^3 

^iz^mmx^^zti,t^^':)tx^^£^\ LD®#it 

10 fe^NT, a^l liCD^^isJlV Itt, ±iaA«y7T® 
12, ni5!n>^:? hif 1 3, lllCDniili'^^y 

fe-So rS-fSMi 5±^cJ^fi^S^lTv^-5^^^tM7 2iju 

±IH?&f!!o$4X7t#^(D^l®^^>y FSfe J: 0^^2(75^ 
7^y FSMr>Xpi?=i>^^' h 1 im*^^f£^^i^m 

mi QizMJ^-t^W^l 5 alC^*LTtSS4aS„ 

[0 0 6 8] LD^-7-c7)^lCtt, ±825§^^-?- 

1 0^V^U6 0CDV^t'4^7!)^(7)l|lCDnStf^'^>y \^Mtn 
20 iS[=!>^f^' bMl 3il0r5, ll2(Z)n§i[^'^>y FMt!)^?^ 

i!!:3><5?^hjil3i: CDHtc, J; t>'/* fcli±f BIS^ 
^^1 0;&v\L/6 0CDtr\-fti7i^®||lC0pSy^'9>y FM 
i:pM=i>^^ bSi 7i:©PBl |g2©pMi'^'y FJS 

tf'mi^^nx^^^m^izit, -e©ii2(DpM^'^'y km 
[00 69] H 6 izB-rmM^mmz±m^M^tmf 

f§^^-?-8 0tj:, nm:=iy^^ hMl 3 tm2(Dnm^ 
F»2 1 il«C^l(Z)#ji7t>SJ^K (ngy) 8 1 

*;t||2<Z)p§!^^7v FM4 1 i:pi9n>^^ HM 
1 7 i: (Dr^tcm 2 <D#Ji3t;^lli ( P S!) 8 2 

[0 0 7 0] ^l(Z)#-JSm8 1^3J;y«|g2(D#Sil8 2 

«a/4n (^3T% ;i l±?S'fSJi 1 5 p. CZ)m3^«M 
40 ntt®^^) X'm,^t\.^W^X'm.\Z2m'i^X±M 

TMx.«ifii 10m mJ^^^T^CJ^^i5<;L, U— tf|8SRS:1ft>i± 
50 [O O 7 1] ^m^mMma IfeiU'S 2{C{i, -eti^' 
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[0 0 7 2] lg8^c^t#^i{c^3v^T^i, mi® 
mi^'y^y Fit 2 i i;®Wtcj^^3tiTi'^-S)7!3\ ^-Of^U 

fc^i2ii«t)S3i:75)^T-^s. mi<D^mmMm lo 

8 1 feJ;tJ«^2(3D#®^;Sllfm8 2(Z)V^■rtl;<)^$:«llfSb 
[0 0 7 3] ElStc^f io^c. if^r-fTCDi 

«1 1 CDmi^4^#:S?f?^MtCiE, AMflSia. 1 
8 $:?^^-rS«3tilJS;5o ZKD^, |2I8{Ca^-rJ:e> 
tc, n§iOTMlC?^^'r«.||l(7)#JS3^Ml8 itt, :ft 
«fll 8 7b'9g^S$tlTV^5na=I>3^^ hJfl 3©7K¥ 20 

n^hw mi®#M7^SMK8 iS:nMn>^i7 SM 

1 3 (Dimm^ *j 1 1 »cj^fiK-r s i:, m 2 ® n 

Sl^'^-y FM2 1 ilniyn^^^ hit 1 3 t.(Dimfx^(D 

1 5 J; U tfTMfC'Sgf -5 niSn V^f hM 1 3 cfitc^K 

7i^^-eg)§„ Z.ti\t, -9-7 r-rrcDJ: -5 ^ifife^ffiSK 5: 

[0 0 7 4] ^m^immai, 8 25:^t- 30 

J^tiiV^^^t^-^tjm-ft^^i^ (MK.«Inq Ga 
1-qN 0<q<l) ) S7^«GaN-efe-53. 

t AW* b V \„ ji 2: LT^MyfeSltl^ 

NT-?^)5S;-r-5:iil{C±U, ^(Z)I nGaN*;tttGaN 

iZ^^^y{7 i)<A=b(D & R&JLht- S ^ i: ts^X^ § A^ <D T'fe 
5. InGaNjf, G a NScDigSA^A 1 G a 

#ii3^;RMM5:m^^^v^{cA i ,iia5iccD^^s a i 

[0.0 7 5] ##ji^/^MM«:«fi5c1-5 2^(D^'f[:i|^ 

nc Gai-c NifcliG a NT'J^^KU ^^-'■l5^r)\' 

Ale Gai-c N {^Zra. 0^c<l) ) 
T-J^f«-^^*©&^„ I nq Gai-q NilAlc Gai- 5C 
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^^SMms^^i-'S i ic J; u . Vmmi:.^ CT^M 

nq Gai-q N*V^y7rS^LT#fflb#Sf^S?), A . 
Ic Gai-c NJitC'^^<vi'A'!A53il^< 1 OjfOi: 
^-rSZlii;^)^-e^S„ ^fe> InN, GaN, *J;t>* 
AiNOS^^^i, ^tl^'tU 2. 9, 2. 5, Sj;t>' 
2. 1 5T'fe-5„ mi®vl^®jBSf^ti'^7!3'-F«& 

[0 0 7 6] iggtt, 3|s|gBgO||4fflffilMtCj;SM{t!f^ 
T, LD*-?-i:bT(C#iS?:S^1-. 

[ 0 0 7 7 ] El 9 \z^'t'mf!(mmmmmi- 9 0 

MttM9 5, atmctSllMg 5?:Mffi!|-^:*^T■V^^ng^! 
^^tJ^ifi^^z^Ji 9 4 Sit>' p Mtitl^flsM 9 6 ^Mi 

y-^^y^rMg 2 j3J:tJfnM=t>^5f^' hM9 3 5:/rbT, 

^9 IJilCtgl-j-titlTV^^. 
[0 0 7 8] 9 5 tt, 0 1 lC^1-^ft:|TS36^-?- 

1 Otcfei:^^^^©!! 5^:11^, -r>e^'i'-i*i::«JU -i^A 

[0 0 7 9] p^^l:!fe^^*Ji9 6ti, ?Sffli9 5<7) 

m2 0i®lcitg^bTJ^?S;$*x7^mi(7)pM^^^^ F 

®9 6 afciO'^CDlll^pMi'^^V F®9 6 a±tC?^ 
^3nfem2cDpM^^^>v F®9 6 b S:-g-ti'= 
[0 0 8 0] ||l(Dp§S!^?^>yFJf9 6ali, 7;i/5- 

^A?:-g-t?pM^'fb!(^^#-ej^fiK^^Tv> 
5, micopM^^>y Fii9 6 a5:r;i/^-'?/^i:^*u 

^C^-f■^i•T'^>^J^#S?&[4M9 5tfi0O)t|Hbii«):«)'!J:y^ 
^TS^fecTJiiT'j;^;, 3(DJ:e){c||l<7)p§i!i'v-y FJi9 5 
ttvS'[4ii9 5cf{C^$:KbiA*-5?lfe(»m?T^yfi;«JW F 
Mi: bT#«■r•5^i::*^Bv^ffi$i|^feo 

[0 0 8 1] l|lC0pi5!^^«y FJi9 6 ati, piSAl 
d Gai-d N ^z.z.-n. o<d<i) tJ^fS-r 5 ^ i: ;^)^ 
S*j^T*bV\ AlGaNt±lg=ir-vUTtim«P§^C73% 
(Z)?!)':^^ 'itl^-r<. b*^fel nGaN5:^-^-t-5?S'KJf 

9 SlCj^U /■?>F=^^'y7^Mfi=l:U^B*T^S:. ffic^ 

_h, pMAlGaNli, fteO^-lbtJ^i^t-tt^T, ^ 
«0#^C^3^b^C<V^i:V^e)'t4^^:^bTS^J, Mxif* 
fii^^xlf^=ir^-v;i/^K«S (MOVPE® tCj; 
y Tll<^vS'ffli 9 5(7) I n G a N 
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[0 0 8 2] ^l<Z)pi!!^'5>y K®9 6 a«v 1 0;t> 

^ V KM S#:tc ^ ^ 'V ^7 ;^)^A U ^1" < ^ 7^*^ 

^tm u < 'fc^ffiffijicfe^o ^ 1 © p M ^ >y Kii 9 6 

[0 0 8 3] ill©p§y^^>y KJi9 6 att, LED^ 10 
3 H mjt. L V ^;{)':, L D^-?-®#^lCti, 1 0 0 

1 0 0::r>^'X h^-AJ;^JitV^i:, I|1®pM^^»V 

©^{CfeVNT, UlCOpM^'^y KM9 6 a«, 10 
07f->yxhn-Am:0. 5 AtmJii^TOi^S 

[0 0 8 4] HicDpiEi^^^y FS9 6 ajiicfgt-j-^n 20 
SUZODp^i^^'y FM9 6 bti, UlcDpMi^^'vK 
M 9 6 a J: y =fo/t> F¥-V ^A^:^^ < , T;b^ --t?^ 

J:e)^piyS'fbt54^#:{Cj:UII2 0pMi'^<y FS9 
6 b ^mm.T^^iHZ^ SK^Z^^'^^y mt)^ 

^ S 3 i: 7b^te7b^ o ;^^o 
[0 0 8 5] ||2®pM^^y FS9 6 b^, l|l©P 
S!!^7 ^ >y KM 9 6 a lel^tC, ]g:5r-V 'J Ti^® 

pi^CDt)<D;<)':^#e>tl•^•rv^3i;*^e^, H5=KB^®pMA 30 
leGai-e N iZ.Z.X\ 0<e<l) X^m^tii^t 
tf^M^lift. U ^ \ ^jnAT, ^2©piyi75>vFM96b 
34x&pgi!AlGaN-C?^^ijct-€)i:. UlCDpM^' 

FJ19 6bl±, |gl®pMi7^>y FJi9 6 a 
F=3r^«y^7b^:^^VN(©r% Mxli, m^^m^-t^Al 

e G a i-e N (CfcltS f (Dimt, A 1 d 

Gai-d NtCfel-tSeCDfaJ;Ut:^^vMfi^il5„ 40 

[0 0 8 6] ||2(Z)p§y^'^'V FJi9 6 btt, ^(Djf^ 
{C#tC$!JPMti;^VNA\ 5 0 0:^>yx hD-A;5;^M^ 1 

9>v FJl$:3CDJ;e)^J¥${CJ^^t-^3i:(Cj:U, -eti 
^mzn^-y^ ^ ^ -y ^7 (755§^A':<k »; '^'S: < , fiSo T^SS 
J: U T', L/f3^t;i«=ir V U 7?SS© p MA 1 G a 
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[0 0 8 7] Tfcfe, mOpM^'^^y KM9 6 afcj:t>* 

||20pMi75>y FS9 6 bfi, v^fn*J, 1X1 Ol^ 
~lX10l9/cm3 ilV^e)iS=^r^UTmS5:^-r^=b 

[0 0 8 8] ||l©pMi'5>y FM 9 6 ail||2 

CDpM^^-y F9 6 bJiilCDP^tC, pMInGaNSfe. 
{ip§yGaNJ:t;?&-&®$: 1 OtTV^'X h n-A^>ii 1 

[00 8 9] 9 5 (7)^ 1 ©^ffitCg^bTigCf ^^tl 

TV^^niy^'9-y FJi9 4ti, V^■r^lt)® nHS-ft^^if^ 

>y FM 9 4 iiSSffi^&U y -mmy-tzM t UTJgfiRS 

GaN, AlGaN, InGaN^CO 

*bV\ itftCl nGaNtfetiGaNtCjz'JnM^J'^^y 
FJi9 4 ■%:^m.-t^Z.t.\z^ U, -eo±tCj: y-M^iif 

[0 0 9 0] ni!!i7 5>y Fji9 4li, LD^^^^^tC 
Idu 1 0 0;i->^^hn-AiJiLh, l /* mJ^AT^K^-e 

[0091] »K9itt, HI ^z^^irmmi- 1 0 tcjs 

[0 0 9 2] a^9 2±^CJgfi§;$nTV^§/^'>y7TJi9 

2 1), HI },z^-twmi- 1 0 {cisWS/'^'^y -7 rM 1 2 
i:llI^0=fe(D-eS)y, >'^'<y77JSl 2^co^^TCD±iBI5^ 

■5. mi(Dm^\z\.t. ^(DA^yyrMB 2^mm-t^^ 

[0 0 9 3] A^^jyrMQ 2±JC|glt^4xTV>Snl!!=I 
>^5ii7hM93*, ai {C5^-ri§^^-7- 1 0 n 

hiii 3^COV^T®±iBii0H7!)^3COniS!=I^'^i' hM9 

[0 0 9 4] ||2©pg!!^''7^y FM9 6 b±[cSgW^4a 
TV^'Sp^n^tSi^ h®9 7%, m 1 {C^fie^t^^tC 
■i5»^pm:=iy^i;hmi7 t.m^O)tj(DX&''). pS2 
=i>^i7 biii 7^cov^■rcD±fffl^i^;^)^zl(7)pM=I>^ 

7^CClV^T%^(^)**iSfflT-^•&. 
[0 0 9 5] nSl!3>^i7 h®9 3(Z)®ffi^®lCJ1^;55t$ 
tiT 1/ 9 8 Ell lc5^-ri8^^-?-(ci3W^ A 
as 1 8 H feCOT'fe U , 1 8 tCO tr ^T<Z)Jh 

fBIJiB,§7b^3©:ft®(i9 8{CCiV>Ttj-?-0D**iiMT*^ 

■So 

[0 0 9 6] pi9n>c5fi7 hji9 7tCggggUT|gWe)n 
T^^SiE®IS9 9 lai lCa^1-#6^^tc^t-t5IE® 
^19 i:Pi^(D=fe<DT'fey, iE®Sl 9 lCOl/>T<Z)±f2 
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M9 7_hictt, mi 0 0 a&^U r^^fc^-f*^® 
i^fe»**M-e?^^!5cS4X7^«)5pL?K^iil 0 0^-<ISl:)-'btxT^3 
iE«f® 9 9 li, r(Dfl«^S 10 0 10 0 

[0 0 9 7] ST, 7fC^^CDl|4(DM®tCOV\T, 09 
fcKU ±i:LTLD*^^c:o^.^TSi0Hbfe;^)\ LED 

m^cD^izit. mmmm i o o ^isn-sjE^ti'S; 

M9 6 b&^BS-r-SZlilfe-egSo S^jIC, LED^-7- 
(D^tCli, nM^' ^ 'V FM 9 4 L V \t 1 0 

^r^^^'^hP-ARJ:, 1. Ofimi^Tf^ S"btC^tT*L 
<ti3 0:^^>y^h□-A*;v^Ll. 0Atmi:?5:y, 
SV^«rcDnM^^«V F)S9 4 e#:S:«llfSi-S3il%T 
^So nSi'^^y FM9 4$:«BSUfe^, nS^n^^ 

9 3 Tt)"':^' ^ >y Fifi: LTf^ffl LW^. L E D^-f . 
(Z)^, iggtC^-r^ittC^JV^T, nS!i'^^vFM9 4 
^#tfSU ;«)^o|g2<DpS!^'^>y FM9 6 bS:*^Pi&U, 
a^f^flS5^^Ml 0 0$:=fo«llSU niff=l>^^'NM& 20 
nStfGaNT-?^fiS;U pM:^!^^ ^ h)i9 7 4 pMG a 

L V ^ L E D^-?-«igT-feS= :^mmo:)m 11® 

[009 8] m 1 0 ^^fgB^CD^ 5 (Z)«lC<tSS<b 30 

[0 0 9 9] la 1 0 izir:irm.it!ii!i^»^nm^2 0 0 
nM^-ffcifej^fljJS 2 9 4 J;t>' P ^im^i^M 2 

mmt. /t>y7TM9 2j5=}:t>'nMr3>^^'hJi9 3?: 
:frbT. ^9 l±^C|S^•t'btlTV^§„ 
[0 10 0] n^itm^i^M2 9 4 (i, ?SttJi9 5 

Fjl2 9 4 aS3J;0«:i(Z)||l®niy^^>y FJi2 9 4 a 
±tCJ^^S ntcm 2 OQ n M^' ^ Fji 9 6 b $:-^t.'„ 
[0 1 0 1] HlOOnM^'^^v FM2 9 4 ali, niEG 

#-eJ^^$4^Tv^S„ IglcDnMi'^-y FM 2 94 a$: 
•OJC|glCDn§y^5--y F»2 9 4 att, jS'fflf 9 5 I^JIC 
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V FJf Tb'tv >t>t£>''^'>y 7 TMii bT#ffl \^X^(D±.\z^^ 
$tlSV§'SJi9 5tC^'^>y^©|g^fe&'>7S;<3i±, ^^^6 

[0 1 0 2] ||l(Dn§?^'^-y FM 2 9 4 btt, I rir 
Gai-r N 0<r<l) -C?^fig-t§3i:*'<ft 

llI^ODiiaj!}^e>> »*b<ttO, 5*T% J:W*L< 

ti-^i^. lXlOl8/cm3~lXlo20/cm3 -efe^ 

[0 1 0 3] lllODnMi^V'y F^2 9 4 ali, 1 0:r 

icDnM^^^^y FM2 9 4 aii, I0;t>y;^hn-A 
RJi®Ji:$ tcj^^-t ^ 3 ici y , vS-SM 9 5 }Lm^ 

2 G) nM^ ^ 'y Fii 2 9 4 b hOfflCO/'^^y 7 rM 
^ >y FS 2 9 4 a $:#^f S I n G a NSfcttG a 

sy KM 2 9 4 b iit&ffiM 2 3 i:©r^0|&?-WF^ii 

»§se^m^tc J: o b i U -ji?irSe^(ciiRiR 
l-S^iiTi'iT-^, /^y 7TMi; bTJ; ^i-mmi^zfm 

©■efeoTfe, Zl©|gl®niS!^^^'y FM2 9 4 a<D# 

aiCiU, fS'ffijfSS, '^2®nMi'^'y Fji2 9 4 
b, 0•v^T^ipM^'^>y FS2 9 6tC^^>y;7A"':A'JtC 

[0 1 04] IglcDnM^'^^y FM294 ati, LED 

mi'(jy^\z\t^ mmmH(DW--^ ^m^?> ^ nm^t 

LV >7!3\ #tC L D^-?(7)#^tCi±, 1 0 0 ?r > ^5'';^ h n 
-ARhJSS i:A'#l-*f * bV^. ^Oj^S*^ 

1 0 0 ^^''x h n -/.Ti^pT'feS i:, ^;*/-f FMi: b 

T#ffl biC < < 
[0 10 5] ^KDnMi'^^y Fji2 9 4 aii, 

v^■r^vro^T't», 1. 0 fim&sToym^^M-t^^m 

[0 10 6] |gl(Dn§yi7^-y Fji2 9 4 atCg^bTlS 

^•j•e.nTv^-g>ll2©Iliy:?^>y FM2 9 4 bi±, y^'>F 

^■v <y ^'Tb'^H 1 CD ni£:7 -7 >y FJi 2 9 4 a J; U 

GaN, A 1 G a N^OHtcSbIi^ HfcvSa^CDg-ffc^J^ 

mW^Zi: '')m2.(D nM^ 5 -y FJl 2 9 4 b ^l^mft Z. 
I i;tCj;*J, Sg^2®nS!ir^«y KM2 9 4b*^3tWD 
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[0 1 0 7] ^2<Z)n^^^>V K®2 9 4 n§tfA 

If Gai-f N (^r-e, o<f<i) -e?^fi&-rs:ii: 

7!)'?«=b^tf*UV\ nMAlGaN»> InGaNSr'^-g- 
ftficD^-fbtl^^l^tcJrb^T, :^#< T'gS;<)^'bT' 
Sfi/i^ej, 0. 6*-e(Z)'fii$:i:S-i:5!)W*L<, 0. 
jggfe, ±f H3®ffi H m^CDm&f)^ lb, 5 X 1 0 17/ c m 

3-1x1 oiVcmS -e^^z.^mi-t.L^\ i^r=.m 

2,(Dnm.^=yv Fjl2 9 4 bi:n§!!n>^^' hjfS 3 i: 
(DWiK. nM I n G a N J: U ^tSM^rlSttf) Zl tc J; 
V, AlGaNJ;U?5;'£.l|2(Dn§tf^'5^y F®?:H^f'fc 
*§B^[45: % o T ^7 V ^ OM^^'piSi < UX^^'^-^^ 

[0 10 8] m2<7)niy^'5«yFM2 9 4 blj;, ^-CDiS 
$ lc#tcf!lPStt/S;v 5 0 0 h n - A^^Ui, 

1. 0 /^m&rf(Dm^'km-t^^tiJ^n^l^^\ ^2<^ 
nM^'^'y KS2 9 4 b &Zl(D^Hl^CDjf:$tC?^^i''& 

m^^V Kii2 9 4 h-ff^mihtl^o:)X^^o 
[0 10 9] vS'ftiig 5(Z)|g2C0iM(C^UT|gtt'btl 

"i, p IH^' ^ >y FJl 2 9 6 tt, i^ga^ffiTb': J: 'J -M#ti 

f&-t^:it.mj-^i'^\ psiiAiGaNii, m<Dm.it^ 

(MOV PES) lCi;i';:itl5:fi)cS$*5l?S, TM®-?g 
■|4S95(Z)InGa NCO^j^SrfflJf'JU ^O^^i: LT 

^^mE.izmnr=.msM9 5^mmu i>-Dxmm^<D 

S.—^A<Di:\:m^^^^J7'<B&i^-^^^Xi<t. 129 tc^-r 
#g^^^-9 0(cSJi:)-smi®pMi'^-y F®9 6 a jsi 

t;t||2(Dpi!{^V^y FM9 6 b^C0V^T^tf*bV^i:L/fe 

[0 110] pM^'^^y FJi2 9 6tt, LDmJ-<^^ 
iZit. 1 0 0 :^ > ^''X h n - 1 fi mi^Xf^Bl?- 

[0 111] -mEM^ 5, ^9 1, i±izmm. 

$^^Tv^§>'^'>y7rii9 2, /t'y7rS9 2±izm.»iy 
tvTV^^nl5!zI>^^ir hjS9 3, $ iblCli piling ^7 
hJS9 7, :ft®fS9 8, lE@fi9 9j3J:t/«S^^)f 1 

0 0 m 9 (c:g^^?6^-?-iciiB LTiji^ u T^a y 

[0 1 1 2] 3fs:|§^(D^5®«JM^Cov^-C, Eil 
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Dm^<bm^iz\i. wmmm i o o i:m.»^iimitf£ 

M2 9 4 b5:«lB&f'i)^i:t''e^§= ^(Z)#^, nMn 
>^ 9 3 t)^^ 2 (D nM^J' ^ >y F® bTfPffi-r 

[0 113] HI lit, ^mmoi'mGomm^z^^mit 

10 [ 0 1 1 4 ] in 1 1 izB-tm^t^^miii^n^m^3 0 0 

n^ibi^^^ii 2 9 4 is J;t>' p M^-fbtJ^f** 9 
itli, ;-?>y7TS9 2^j;t>'nM^>^i' hJ19 3S:/r 

LT, WR9 i±{zm.»inx^^^, 

[0 115] mi UZB-tmytrnf-S, O O^, n^^-fb 
ife|ij£#^t:®^co^,^T^iH l 0 iz^-TH^^Z o 0 icfe 
niaa-fbtJ^^^Ji 2 9 4 (H 1 tZ) ngy^r ^ ^y FJi 
2 9 4 a j3J;t/ll2®nM^'^^y FS2 9 4 b;^)Mb^ 
20 5:, p§!!M^b^i^^#:JS^CoV^T^illI9^C^t-#6^ 
9 0 ICSttS P Sg'fbi|^4^'«s® 9 6 1 0 P M 
i^^>y F^9 6 a j3i?>*l|2(7)pMi7^>y F]i9 6 ht)^ 

V^T^i, i|tiCLED^^-(5D»^tC«'IIISL#Sgfb!©ii^ 

^\z'D\^x(D±Mmm^>^x. iii9S3±t>'igi otcK 

v\ t?eoT, Ell i(C5^-r5S3t^^tci3v>T, nm-ny 
30 ^i7hM9 3S:n§[GaNT% l|2(Dniy^^>y Fji2 
9 4 b5:nSA lGaNT\ ^ 1 CDniEi7^>v FM 2 9 
4 aSmSai nGaN*felinSyGaNT% ^l®pM 
^'^-y FM9 6 a5:pMAlGaN-e, ||2©pM^'^ 
^y FJi9 6b$:pS!AlGaNT% piy=i>^^'b®9 
7 S: P MG a N T'^n-eWfSL, vS-fSM 9 5 5: 7 > F 

FM2 9 4 aii^^ii^ FM, S2CD^'5<y F® 2 9 
4 ht'^^m^Ti^^M. UlCDpS^^^y Fji9 6 a;<)>^ 
40 *V Fjf , H 2 CD p §!}^7 ^ >y F® 9 6 b j^j^^Efl \tih>^m 

t.\^x\m't^z.h^m<biy^X-&>^, t-tzMKOv^^ 
^^y F®9 6 ai:IS2<Dpii!^^>y FM9 6 biicDW 
(C, pMI nGaN^fc^ip§9GaN<j:^J^^:^ii?:>'^''y 
:7Tjii;LT?^f!i<;bTfeJ:<^^U nMri^^^ bS9 3 
i;l|2(Z)nMi'^^y FM2 9 4 b tCOr^tC, n§9l nG 
a N J: JilSM&^^y 7 tM t LTJ^^ LT % cfc V ^„ 
[0 116] 3^:9§0^(7)|g7CDffiiMtCj;n«, nMS-fbil^ 
^^WM t p MS-fb#i^^#:Ji i: ODP^tc-O -^7 A i: :<3' 
U -iyAi: 5:-^tJ^<b!fe|i|^^*?:'a-^-rSft^^f^«3t<^ 
50 ?Sffii5:«U pi!!^{bife4^**:Ml±, ?mMt.mLX 
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^ y Y^Mlt, 1 0 ;t > h D - AJiA±, 1 . 0 M 

[0.1 1 7] Cia)^7©«®lCj:S|§^^-?-t±, 3i*6<( 
IZit. m 9 9 O CDMM^^ iiH 2 CD p M^' 

FJS9 6 b ■^mmLfc.m^lco^izm^^^, 

e)ni?3>^?^' hJi9 SfeiU^nS^'^^V KM9 4CDe> 10 

[0118] $>btc*fe, 3®#S0©#^tClj:, 09 iC 
5^f|g^^-9 OlZ-i3»^m2(Dpm^'yy KJi9 6 b 

<tt, I nGaN) -r-^^-rS^il^^^T'g, Z:nfCoV> 

Tii, ml\z^^^%m^lo^z^\1^^nm^^^^J\^M 20 

a^i-f§^-?9 0 tc^st-ts nMi^^^y KM 9 4 icffi^-r 

3 t ©rate, nMGaNS7^«T;b^-'^Ai:;*j'U'^A 
i: ^-^tm 2 <D nitf^{t:ft^#: «f * U < I*, A 1 G 
aN) :i®#^(Cov^Ttt, 
nMGaNSSr-i-feT, ig2lC^t-^3t^^-2 0lCSt:r 
-5l|2CDnM^J'^>y FJ12 1 ^CoV^TC0f^H^7!J'=iiffl•^:■g 

[0119] 012 li, :$i^m(Df^8(Di^M\ZJ:^m.it 
V^-g>„ mi 2CDmi^4^#:|87^^?l±. iJATM^S^ 

[0120] 012 JC5^f 4 0 0 

tt, ?S'ffiM4 0 5&m, ^ODllia)±®±{ci*, HI 

CD nM^ ^ FM 4 1 4, 112 CO nSi!^5'^>7 FJf 4 24 40 
fej;t>'nil!=i><5?^ hM4 0 3 ^-^ti n^^i^MtiW 
^t'b4^TV^^„ ijnxT, M'fflt4 0 5(Z)||2<75i®lC 
ti, |gl<3DpS!<7^>y F®4 1 6, H 2 OOP Si! ^^^-y F 
M4 2 6, ||3(7)p3i!i7^>y KM4 3 6, J:t>'S:^1^Ii 
i;LTCDp§i!n>^^' hji4 0 7 5:-^t: pMS-fb^fe)^ 

WM^^-t^. z.(D^'::>t£mMWMt. mi2\zw.-tm- 

JtTi*, /t«v:7rJ14 0 2$::;^LT, »K4 o iJ:lc^ 
[0 12 1] •?g'ffli4 0 5ldu -r>2>~'?/^il:«J'U'i'^i; 
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S„ 30J:■^)*=^iS^C•^v^T^i. El 1 tC5^-tf63^-f 1 

[0 12 2] •?S'f4M4 0 5 ©|g 1 (Z)i®tCg^tTHgW 
tlTVN^mOnSi'^'y FS4 1 4\tif(i^'-4 FMilt 

S^•ft#l^#^*t^±nSGaN■T:•?^^i)<;$tlTV^^„ J: 
iJ^^aiJlCtt. Z.CDII 1 (DnM^ ^ V FM 5 4 tt. nM 
I ny Gai-y N (iZlT?, 0^y<l) Tl^^^n 
5. i-j&fc-fe, roDlgironM^^^y FJ14 1 4li, 0 

1 tc^-ri§3t^^- 1 0 \znvi^m i cd ngy^ ^ >y fm i 

4 \zmi^XWm L nM I n G a N T'?^fi5c1--S> ^ i: 

nMGaNf?^fig;-r-5^i:t)-es^o 01 fc^^ 
■t^S^^^- 1 0 \z^\-i^m 1 CD nM^ ^ FJi 1 4 ICM 

SO. 5C0^fflP«3tCfeSZlil;?)W*L<, S^^lC^^b 
<ld;0<ygO. 3, U< ttO<ySO. 2® 

mHP'Utcfe^o ||10nM^^>y FM4 14®^-v'Jr 
igg%, W^amm-^^. 1 X 1 0 18/ c m3 ~ 1 X 1 
O20/cin3 (D^Hf'gtCfeS3h;b^S*LV\ l^lCDn 
^^"y^vY^MA 14t), -5-C0ip:$(C#lcfiMli?fc<'^;()\ 
ID^cDSfiA^ej, ^SfSil 5i:l|l(DnM^7^'y FM4 
1 4 illi, -^ItT', 3 0 o:t>y;?. h n-AJiA_t©S$ 

[0 12 3] mi(Dnm^^-j FS±lC|ette>tlTVNS 
H 2 (5D nM^' ^ 'V FM 4 2 4 li, itgH C l^ri¥ 
ffli-S t,(Z)-efe m CO nM^ ^ >y FM4 1 4 J: 'J % 

t. ii^ti n ^im^^t. n MG a N "^J^fiKS 4x 
TV^S„ z:(DJ;e)^S2(Z)nl!^'^'y FM4 2 4S:l9:tt 

5z:i:^cj;oT, l|ia)nli!i'^<v FM4 1 4 iicoraco 

[0 12 4] 3(Dm20n§[^^«y FM4 2 4li, nSi 

Alg Gai-g N {Z.Z.X\ 0<g<l) Xm^-t^% 
-^ictt, goofjltt, 0<gSO. 6<7)^Hi^tcfe§ri: 

7bW*bV^. A lGaNtt-?-CO|gB^*^J:fc^aUg!<. 0. 
6 j:'MSVNi:, mcDnM^'^'y FM4 1 4C0#^EC 

1*, ^roiitc ^ ^ -y ^ ti^mm^^ L^f < 

0<gSO. 4(D^H|:^lC$)^^il;*"':*%i^f*b 

[0 12 5] IgZCDnM^'^^y FjS4 2 4C0^-V 

UT^i.Ktt> 5 X 1 0lVcm3 ~1 X 1 Ol9/cin3 

XlOlVcmS iUtiiSVNil, #{CAlGaNO^ 
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X 1 0 19/ c m3 J: ij t,pgv NtltiC A 1 G a NCD^am 
[0 1 2 6] m2®ni9ir^<y FM4 2 4li, 5 

[0 12 7] nM^i^^ijgomS (?S14®;^>e3*t»il 
5„ iaicof§7t^-?-i ofcdsitsniyn^^^i^ hjii 3 

niSG a N T-J^^f r i: AW* U V ^ i: bfeaa ^ in 
;^cDaa*^e), nMnV^r^r 1>M4 0 3tt> nlHGaN 

T'jp^^nSo -e©ftfi(Z)m«^-v u TtMi, 11 lie 

OtCfettSniBn^^^ hSl 3®^ 

[0 12 8] V^[4)i4 0 5(Dm2<D^miZ.mLXm'<-f<b 
4aTv^Sl|l<Z)pM^'^>v F®4 1 6li, ^-v-y:/)!^ 

S„ 3©||lCDpitf^^-v K®4 1 Sli, 

3<Z) J:e)?S:fgia)p^^'^>y K®4 1 6?:iSl-t53i:tc 

[0 12 9] ^®^l(Z)pi2i7 5>y Fii4 1 6ti, ^!f* 
b<ti, pMAlh Gai_h N (dZlT', 0<h<l) 
T'?^^$n-5„ z:©^{CfeV>T, h0«i, 0<h^ 
0. 6©|EHF*glCfe5^il7!3W*LV\ AlGaNli^ 
<Z)JpgB^;^)"^J:bge6lJiSI < , -e® M ^ ;!j-<j:bic6^l§^ U 

S. h^Bl*; 0<hS6. 4co«igffll^lcfe.g)3i:;{)'!S% 

[0 130] ^10DpMi7^>y F®4 1 60=^^ 

'JT?iligl±. 1 X 1 QlVcmS ~1 X 1 0lVcm3 

X 1 0lVcm3 jcUfeiS^Nii, rSffif 4 0 S^CDiETL 

— -€-CD:3r'V U rm^^ 1 X 1 0 19/ c m3 j: U t)^S 
V ^ t A 1 G a N U I^?* W^Tt" S 

[0 13 1] iii(Z)pi£^7^>y FJi4 1 6ii, as, 5 

[0 13 2] ^l(7)p§y^5-y Fjf 4 1 6_htClgttib#^ 
TV^^||2<7Dp§a^'9«y K®4 2 6li, 3^;^3*'1' F® i: U 
T#SU -f>S;>-';7Ail?tf'J'^Ai:S:-g-tfpi!!M'fbifel^ 
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^#*it^ipi!!GaNT'?g^S;$tlTV^5. J:UA*iseiJlC 

li, miC^pi2i7^>y FM4 1 pMInzGa 

1-j N (^3T% osz<i) xf^m-^:Ltf)mt.\^ 

v^„ |13cDf6^^-3 0tcfel-^2)mi®pMi'v«y FM 

3 6 \zm Lx%m Lfcas w^oiimti' z iBtt, 

^fft b<ii0^zSO. 3(Z)^Hl^, **;^*b<liO 
^z^O. 2®«SHrttC$)S„ Z.(D^l(D^^^'yvY 
ji4 1 6t)TOCGaNtCj:y?^^bT%Vx*5li/^«y7 

10 rmiL\^xwm^z\m-t^. zcdbic^ps?^'^ 

>y FM4 1 6(7)#^UT-ig;S%. 1 X 

1 0 17/ c ni3 ~ 1 X 1 0 19/ c m3 CDfeHf^tCfeSZl 
i:7!)«M*b^^„ ||ioi'^>y FM4 1 6coi?$ 

^c#^cf!lPStt^:v^A^, iii#<z)sa*^e), ?$ttJi4 o 5 i; 

®-a-|t"C\ 3 0 0 ^*7s h n - AI^±®ff: S 

[0 13 3] I|2(Z)pS!i?^'V KM4 2 Q lizWtS-ihn 
•rv>sll3(Z)pMiJ^5>y K®4 3 6ii, ^gBDiifeJii: 
bTi^ffi b, ^ 2 © pM^ ^ ^y FJ14 2 6 J; U F 
20 :;f-V'y7'jb'^:^^<, 7!)^oT;L'5-'?i^i::tf'J't'AS:-^tJ 
pMC5^■il:*^#:T'J^^$tlTv^s. z:©±e)'5:m3 

ODpga^r^.y FS4 3 6&tSlt-5^il^-<fcoT. I|2(Z) 
pM^^^y Kji4 2 6 i:©racD/'^"> F^-v^y^M^:^^ 

[0 1 3 4] ZKDHSCOpM^'^^y F)S4 3 6li, 
U<ti, pMAli Gai_i N 0<i<l) 

T'?^^$n-g>, ^©^^c^5^^T, i^-fpi, o<i^ 

0. 6<JQ|Ml^lC&5Z:ilAW*bV\ AlGaNli^- 
30 <Dm^-tf^im!m.<^ 0. 6J:U;^SV^i:> m2(7)pS[ 

<y^:7 7t)'':j:t«iWmb^1'<'&^J^ |g}tffi*5:{ST^it5 
Ml6llCfeS*^e)T'fe-5. b^itldU 0<b<0. 4(Z)«SH 

[0 13 5] ||30p§9'77>y Fji4 3 SOD^Jp-Y 

UT'iiiKtt, 1 X 1 0lVcm3 ~1 X 1 Ol9/cm3 

X 1 0iVcm3 J:U=b^gv^i:, •^S'ffii4 0 5^a>iE?L 

40 -15. ^(D^^ 'J TfSa^Tb^ 1 X 1 0 19/ c m3 J; y tiW 

tS^hXSbh, ||3 6Dpi!!i'^>y FJi4 3 6li, 5 
0:t>i'*7> Sn-A~0. 5 AtmO©$$:tjo'rj^fiK-r 

[0 13 6] pM^i*M«^>^M (?S'SM4 0 5*^^3 

X\t.. ^3(7)pS<7^>y KM4 3 6lCg5LTie(:r'bnT 
V>-g>) p§S!=2>^'^ hil4 0 7lju pMGaN-r'^^fS;^ 
^l-TV^S. EI10|83l6^d=^l O^C^3WSpi!^=^>^^'^ 
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muzm-t^^m^i oicgl-j-Sp§yn>^i7 biii 7 

[0 13 7] aiS4 0 1, A<y7rM4 0 2, :a®i4 
0 8 33 J:tJ«lE®ffi4 0 9 ^n^'tl, EI 1 tC5^-ril3^ 

8 d3 «fc t>*iE®IS 1 9 (CO V ^TfiB^ b ^ (Dfe®-e$) 
5„ ife, m4 4 0a $:*-r5«8^^M4 4 0 ICO 

v>T%,. ig9tc^-r#g)^^-f 9 OtCfcl-tSSS^^jfl 

0 O^CO^^Tfi0§bfe^l^J®%CDT■fe^■. 
[O 1 3 8] 2js:|gHirol|9(DfiJ®lci:tilS, ||lfiJ:t>' . 

1 ©^®_h(ctst:^ ^ntc nmmtm^^M. ^ j;t>m 
^S-ffii®^ 2 ©±®_htcistt "btvt P M^-ftti4^^*ii 

I*, m?SttM<^ll2©iM^cSLTff^^S;$4^, *^ot;i/ 
^-'^i.ii^'U 'irA^r^tfpgag'fbtiiii^^iiU^S^ 
1(DpMM> feia^SmopMJl.lcg^bTtgit'bnfe 
P MG a N ± U ?fc-2>«l 2 <Z) p MJf 5:-g-t?^ ii"^ 

tc J; 5583^-?li> EI 9 lC5^1-|g3^^d^ 9 0 
l|2cDpi2^^^'y F®9 6 htnM^^^y FJi9 4 5:# 
I^U y(3^opM=I>^^ hJ19 7$:pMGaNT'5^^b 
fe#Sa(D#^(C^S-rS, nMnV^^hM 

9 3 ^-Ik^iS-t. L < ItnMG a N-ej^fiKi-^d il^^'^T'^ 

[0139] EI13l±, M^Pr^m^(DmBM(D^Pm 
^^ili^;ti|gm4^*^7-T:-5^U?^t)®-e$)^= iai3;0^ 

b n - AJi^Tic-rs ^, ^^m^<^^ytBitJtimm^ ^ 

<Z)^'fl:!^^^§:^*:?§)^^^tcov^T, 4-f-#^#Jt© 

•?g■ffiJs^c^3v^T=fe, ^mA^npm^com'&miz^^^x 

tu ftfi^^Tb^nSI^'ft^it^^zlsT'J^^^^ri^c^lCfeSi^ 

[0 14 0] -?-Zl-^, :z|s:5gB^CDl|l OcDffiiMtC 
nM<t!|^i|5#«:Mil pii!g^i:i!^4^#:^^®fSlC-f > 

< tfe lJi®^f^®S:^-r^»^#:^«^®''&f4M$:<l 

X., 7 op^->y:^h^-'^i^*T<z)J?s5:*t- 



#li¥ 9- 3,6.4 3 0 

34 >> „ "t- 

*[°o 1 4 1 ] 014 li, #M*T-^:Rlf ^c7)vS'f4ji®# . 

^'ilLT^bfefeCD-efe'So Ell 4;^^e)t)7!)^5J:-5lC, 
•?S'f4Jl®|^M®0)SS & 1 5 0;r>e^*X ha-AJiiTlC 
A-'-So |¥^©ji:S;*U 0 0;t>^*:xhn-AJi^Ti;^ 

■^iis|8^i=•tcov^Tliig$^1'fc^^/^^^J'?•'5^<, Ja<, ?S 
'f4]i&6ytt"'5 2 5 >y FS<5D— p ^it^^ 

[0 1 4 2] 01 5t4, mQi^Btim\^mmm^ 

li, |29^C3^■r«^^C^3V^T, +>-7T-f7a®9 l±tC 
GaNA>v:7r®9 25:/r-LTngi[GaNn>^i' Ml 
9 3?:4Mni©)S3tC, n^I nG aN^7>y FM9 4 

^bOO^yir:^hu -2^(Dm--^ tc, -^-i^-^/^fi^ 
(DI nGaNvSISfg 5?:2 0;r>i^;?.hn-A©;?$ 

(CJ^^U ^©±lC||l(Z)pMAlGaN^5^vFji9 

Al GaN^^>y FJi9 6 bS:0. 1 m nKDjPcf tC?g^ 
30 U pMGaNn^^^' h®9 72: 1 AtmCDj^StC^^ 

u :ea®9 8 $:?^^Kb, mmmm i o o 

i:?fc<iE«t®9 9 $:J^^UfeLED^^•^CoV^T©=b® 

[0 14 3] HI Stca^-Tioic, ||i®pM^'-7^yF 

SS!(ciSTt-S«lpltc$)5„ ^<Dj;e)'&»3tc?&5i:, m 
KDpM'^^y FM9 6 atci'^^y^j^j'AU, 
^;b>S<?fc-5Z:i:tCj:Sfe0T'$)S. Ell 5*^?), L 
E D|g-?-(D^lCli, |g 1 CO p §y -7 Fl 9 6 a COIK 
40 $iil 0;r>i7*^ hn-A (0. 00lA6ni)^±, 1 

I^tt, ^ 1 (D pS?^' 7>y FJf 5: A 1 G a NT*?^^1--&* 

■t5SKi$tl^c„ TSifc, LD^^-<D#^lC||l®pi3i'-7 
>V FJi(^?f * i^^^W-^fy- 1 0 OTt-^-^^'X hD-ARJfC' 

[0144] EIl6{i, EIIO tcs^-r#5ttcMa't S« 
it®|g3t«^lCOVNT, UlCDnM^^^y FM2 9 4 a 
0DiP$5:^x;t»^tCJ3lt.2)-?-0D*$tmffi* (ffl*f 

50 ^i) iL(Dmk^^-t^=yyx-&^. Elieii, iUA^I^ 
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1 ±{CG a NA>y :7rM 9 2 S:/rLT nMG a Nn>^? 

hJi9 3 5:4 MmO^^tC, ^ZOnMAlGaN^ 
^>vK®294 b&0. 1 /iinCDiP^tCJ^^iicU HiCO 
nMl nGaNi'^>y FJi2 9 4 a S $:^;tTJ^^ 

f4Ji9 5$:2 0:t>i'*Xhn-Aro/p:^tC, pMAIG 
aN^^>y Kji2 9 6 5:0. 1- Min<Z)Jp:^lCJ^^iS;U. A 
®®9 8 &?^^U m^Mmm i O O 5:|gt-j-53i;^< 
iE«19 9 5:il^^LfeL ED^^•^COV^■rcO=bCDT•& 10 

-So 

[0 14 5] HI 6;^3^e)t)7^)^■5J:■e)^C, UlCDnM^^ 
•y FJi 2 9 4 a 1 At mj; U ^S tfgJtffi 
:^li%iJlc<ST1--5fiipHcS>5. zinii^ i <d vM^ =7 

-/ 2 9 4 a eflt(DMa^KA'=S< ^ Mx.«3iSa^*^ 
CDnMi^^-y KJf 2 9 4 aCDJS^T&'iS O:*-^^''::^ ^■■a- 
-g), Zinttl nGaNJ;U5fc5l|l®nM^^^y KJ12 
9 4a ;?)Vt-y ^rili: bTyir^WlC'f^ffli-^??^ l^^^M 

■5. ZlCOj:e>'&Ml«IJ*> mOnS^'^^y K^2:I nG 
icme^Lfei-^tC, ||l®nia^^>y.Kii2 9 4 a-fs^l 
^yKJ12 9 4 b, ^°>^\Z^<J:>'7'^V^1f^^'f^tz. 

[0 14 6] 2js:5g0S^cfcv^T, m^iJ^f^ti^ 

tfitC S i , G e , T e , S ^(Z) F•:^-^i^i^^5: Y-'f^ 

[0 14 7] ;*:^^tci3vxT, ^WM'C^^W 
n, Cd, Ca, Be, <zm(D7 ^7 ^■:f ^ -^Wk^'^ 

\m^mw(r>'m^n'^m^\^ f- y-r ^ 3 i: tc j: o t# 

> r t IC J: U i 'J * L v ^ p M^-fbif^^ 

zi i: fc J; u , P M^-fbife)^#;JS® ^ -v U TtiS^ 

[0 14 8] TfcfgB^ro^-fbif^^ijSfli^^t^-T-^. M^li 
MOVPE (^^i^B^BjSS^) , MBE (^^-f*!:^ 
^^^m . HDVPE (>'W F^-^ F^S^*^) ^ 
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^S^^^v'-^'A-fb-^^ ^a;^3'U 't'Mb-^. ^ 
-^A-fb^. T^^E-T^ro^-fbtl^ft* 

[0 14 9] Rjt, m^-k^mL'Xim^(j^'^(oim< 

?5;VXo miSE19 (Cj3ltS«m^;i 1 0 0 (i, L 
i: L fe»^tC 1:^-5^ 1 3 ®ffi!M J; 5*fgBJ(7) 

<lipMI nGaNM^CClV^TCD-Y>^;''^'A(D^t^fe± 

I nGaNji^CO^^■ttJll#^C&T^it 'J, 10© 
% L < i± P i? A 1 G a NMtCO V NT CZ)7;i/ ^ ^-i? ACDirb 

«pMa 1 G aNji^col.^Tt)|SI^^c^>T^^*^:lil;^)': 

[0 1 5 0] 
[0 15 1] IIS6MI 

NH3 t^m^\ HiS^lC-fe>y hbfe-it 7 r-YT»K 
©C®IC5 0 0'CT'GaN<J:U'fcS>'^^y7rM5:5 0 0 
;r>i^>^ hO-AOj?${CJES«$-^feo 

[0 15 2] ?:Jc(cag?: 1 0 5 0'CtX±if. TMGt 
NH3 7!)Mi;fci>_hSHM!^W:^tCi/^>;d*^&ijnx. Si 
F-:/nl!GaNi»J;S:-5n^=i>^^ hM5:4 /ttm© 

r?^«^ 2 X 1 0 19/ c m3 T?fe CI fc= 
[0 15 3] ,M''^T, ±iBS!^:F;;j':x{c$e)tcTMA (F 
U^5^;i/7';b5-'^A) S:iD^, Hi; < 1 0 5 OX:-C'S 
i F->^nMAlo.3 Gao.7 NMi 'J '5:Sl|2<Z)nM 
^ >y F^ 5: 0 . 1 /i mCDff $ {CfiS;:R$i±fc„ Zl(7)|| 2 

^ >y FM®m^-^-v U rtSMtt 1 X 1 0 19/ c 

[0 15 4] ?^{C: aK&8 0 O'Ctcrif. 

LTTMG, TMI ( h U ;t^;b'f >i;^~'?iA) , NH3 
j3iJ>'S>-5>:«3*X$:MV\ Si F-^nSlI no.olG a 
O.ggNiU.^-SHlOnM^'^y FM5: 5 0 0;t>i:^X 

M(DW7-^^ U TSK^i, 5X10 18/ c m3 ffeo 

[0 15 5] ^V^T, P)iBf5!/^ilUrTMa TMI 33 



(20) 

37 ; 

[0 15 6] mz. mm^ 10 5 o°ciz±\f. mw^ 

tLTTMG, TMA, NH3 ^Sit/CPzMg (i/^' 
MAI0.3 Gao.7 N<J;'j35:«>l|2(7)pM^'^^v 

FMG)d^-;l/^^ u rtg;^« 1 X 1 0 18/ c mS -e&o 

[0 1 5 7] i^V^T. m;«3':^i:bTTMG, NH3 10 
j:t3«C.P2 MgSrfflVV 1 0 5 O'CCMg F-^pMG 
aNiU^-SpSEn^c?^ FM5:0. 5 m ni(Z)ji:$ (C^ 

5 X 1 0 19/ c iii3 X'feofeo 
[0 15 8] b7&^S^> ?ai£S:^*t'Ttf> "^x-A 

x-y^>ybfe„ nMn^^i'FjicoSajaWcTii: 20 

{CN i ^ A u J; U ?5;-5lE®il4?^fiKbfeo 
[0159] Wmmt. 3 5 0 A m^©^ 

iRim?© 2 0mA^cev^T, Vf Qli^^I^^S) 3'- 5 

#1111* 2 0 n mT'fe y , ^^^IC-^4S©B:V &7i> U 
[0 16 0] ^M2 

SISSMi i:llI^lcLT-!?-7r-fTS«co±{cs i F-T' 

nMAlo.3 Gao.7NMcfc';75;Slg2COniy^'^-V F 

mt.-^'^-k^^tzMi. 'mza^^^yv Fsro±i-^^^J 1 

i:IWI=m<^^4^T-, J y F-^I no.OSG ao.95N^4 0 

[0 16 1] r^ic, ^S-tSMc^^tc, M!t!W;;i:tTTM 

G, TMI, NH3 j3<};t)«CP2 MgSrffiVV 8 0 OX: 
T% Mg F->^pMI no.OlGao.ggNiU/j;^!!!® 40 

pSil^'^^y KM 5: 5 0 0:4->^':?s Fn-^.cDJf:$lcfiS;fl: 
$i±7^:„ 30111 CD pSyMcDTx-U^i^'^cD^lN-^i/^^ 
■VUT^i;Ktt2X 1 Ol^/cmS Tfeofe. 
[016 2] zmJSAt^<Z)ie20pSi7 7^y FJi. pSln 
> i7 F if co^iJcS, ^roftfeli^^'J 1 i:|sl#tc urmM 
CD L E D^-?-$:#7^o L E D^-?-ti, I f 2 0 m A 
^CfeV^T, Vf3. 5V, f83ttf-i7ag*4 1 0 nm, 
^3t>^'^^F;K3!D^}mi|iI2 0nmT'$)y, ^)tffi::*7tt5 

[0 16 3] |©fe^j3 50 
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HSfe^iJi iirailtcbT, ^yr^rms.o^±i^> SiF 

-^niEI no.OlGao.99NJ;^J^;S^l©n§y^^-y 
FM4 T'fi^;R$i±?"c^. 1 <D nM^ ^ 7 FS0± 

tc, y>F-:/lno.o5Gao.g5NS:4 07r>y^Fn 

[ 0 1 6 4 ] I^V ^T. MfWX ^ UT TMG, TM I , 
NH3 fiJ:t>'C P2 Mg 8 0 O'C-e, Mg F- 

^pMi no.01Gao.99Nj: 'J jfcsmropS^' -7 ^vF 

Jf$:5 0 0:t>^*y?.Fn-i=.(7)fl:S(CfiS;«^-1tfeo ^® 
H 1 © P Mi' ^ FJi©7x-;b^<D5f?-;v^'V u rjg 

^IJ, 2 X 1 Ol^/cmS -efeofe. 

[0 16 5] -mz. mmi^nmz.\^x. mi®pM 

FJi±lCMgF-:^pMAlo.3 Gao.7 NJ:U 
7S;5^2(Dp39^^>y FJi$:^:S$-^> ^bT-^(7)±lC 
j^g K-ypi?GaNJ:U^^pM=i>^f^^ hii^fiSiS 
^itfe. Hffi^Ji i:lHl*i(cUT, mSOLED 

mi-^^tc. ZLCDLED^^^li, If 20iaAT'Vf 
3. 5V, |g3te-i7tSS4 1 Onm, 11)^:^.'^^ F;i/ 
ro^-fBiPi 2 0 n mT-^ U > lfetffi:^Jli 6 mWT'fe o fe. 

[0 16 6] 

1 ii nW<^ bT, -9-7 r -< 7l6^®±l-> SiF 

->^niffAlo.3 Gao.7 NMj:U*eS^2(7)n§?^?^ 
FM*-t:-fi^;R^-&^^^^ ^(D^2cDnM^5'7>y FJS® 
illC, S i F--:^niyGaN j;U^'2)lll®ii§£i'^^y 
FMS: 5 0 0:^>^^7. Fn-A(D)?$lC^:S:S-ti:fe. Zl 
®m 1<D nM ^ ^ >y FS<D«d^^^ U T Wi.2 X 1 0 

19/ c m3 Trfeo /-jQ>^ W 

[0 16 7] 'mz. ^m^t.m>mz.'mi<j^rim^v 

FM5 5(D±IC, y^F--:;''! no.05Gao,95N&4 0 

©-is-tiji^j^^bfco 

[0 16 8] r^ic, m&Mo±Ji^^ ^■^Jiinn^fcb 

T, MgF-ypMAlo.3 Gao.7 NJ;U?5;S^2© 

p^>jr^>y FSilMg F-^piEGaNiU'SJSpSSn 

> ^ F® -^moK^^-^ ^1=-' ^^vM-\tmm 

;miCbTLED^?-S:t«fe„ CICDL E D^^^li, If 2 
OmAT'VfS. 5V, ^l^-m:S4 1 5 nm, |g 
F;bOTi{ifa*i2 0 nmT'feU, l§^ffi;^l*5m 

[0 16 9] |^fi?!15 /^:>V^VV 
jS'tiii?:! no.2 Gao.8 NT'Jg^bfea^«*i6M 1 
fclH-^lCbTLEDfg^Sr^^bfee -©LED^d=- 

I f 20mAtC^3VAT, Vf 3. 5V, |§y6t-^7 
,i,p;R:4 5 5 nm, 0 nin(D»fe#§3^S:7TNU ^ 

3^ai:^Jli5mWT'S»o7c. . - L 

[0 1 7 0] |Bi6fi»J6 .AVSi^W 



(21) 



#Pj€¥- 9 - 3 6 4 3 0 



39 

V\ 800'CT', no.l Gao.9 

(#:^jf ) ^2 07i-yiry^h n-h,(Dm^ tc^tSt^sit 

?t„ i^V^T, I no.02Gao.98N^m (I^MIi) 5:2 0 

^4%^tl3ia-roi^yigU «^tCIno.l Gao.9 N 
mm (ItMM) 5: 2 0 Tl- > ^''x h n - lc^:R$ 
it, 1 4 0 h □ - A(7)#afi-7-#F«it 

(D?S'[4M?:?^^L.fe. 3 o UT^etlfe L E D^^-ti, 
I f 20mA^C^3^^T, Vf 3. 5 V, ^Id-irmM 

4 2 0 nmOD»fef63tS:^U ^itai:*;li7 mWT'feo 

LT S i Z n K-:/Lfc^-»-?-#^Sit® I n 
O.OSGao.gsN®^: 5 O;^^^^ h D-ACOiP^lCJ^^ 
bfeJ5^^1^(i^M 1 i:lll»tc UT L E Dm^^imv 
tc, 3<DLED^^liI f 2 OmAlCfiVNT, VfS. 

5 V, |g^t:°-i7M;R4 5 0 nm, 4^ffifi7 0 niii(D» 
•fe#§^&f^U 5§3^ffi;f3 3mWT'feofe. 

[0 17 1] HifeMS S^QiW 
HSfeM 1 ®#^lctjev ni2=i YM<0±iZ S i F 
-TT'nii!! no.OlGao.99NJ;U«;Sl|lCOng;!^'5>V 
FMs y>F-yi no.05Gao.95Nj:'J?5:5>^'[4Jl, 
Mg F-:7"pg!!Alo.3 Gao.7 N J: ''j7&Sl|2<DpM 
i'^^yFM, ^J:C]«Mg F-^pMGaNi'jT&SpM 

FM L o fcJiA^l^li^M 1 h nW.^ b T L 
E D^^-S:#7c„ Zl® L E D^-?-tt, I f 2 0 mAlC j3 
V^T, Vf3. 5V, ^tf-i'M;R4 1 0 nm, 

[0 17 2] rnrni'^ 

OOr^CTlf, MI^:*'Xi:UTTMG, TMI, NH3 
ISi.Xly'^yiiT.^mw S i F-^nMI no.OlGa 
0.99NJ:tj^.g>St^$:3 8 0 7f->i7-x hD-ACDjS^tC 

^:R$-i±feo ?>c(c, ?ag&i 0 5 0X:tC±lf, 

ilLTTMG, TMA, NH3 S<J:t>'i/5>:^'X$:ffl 
V\ S i F-'T'tiMA I0.2 Gao.8 NJ:y?a;5»M^ 
3 9 G;^>^'-;?> hp-Aro;p$(C^ASi±;t. Z:n6.(D 

2 OEIi^ iJ^gU Si F-yn§!!Ino.OlGa 
0.99NJgi;Si F->^Alo.2 Gao.8 Nji5:3^tCl 
OJf^o=a)ibfenM#Jim (|g 1 ®#Jij5Mm) S:?^, 

[0 17 3] ?^JC, nS!#JfMJ:tc, HfilMS fcll^ic 

LT, |g2(Z)n§i!^^>> F®, HlODnM^^^y FM, 
rS-tSM, micopii!^'^<v FM, feJ;t;ig2cDpS!i7^ 

[0 17 4Vj!ktC, ?aKS: 8 0 0"ClC|g«LT, IRf^t-:^ 



40 



10 



20 



::;i:bTTMG, TUl. NH3 i3J:r>'CP2 Mg?:M 
■^ZOOpM'J'^'y FM±t-Mg F-7'pMI no. 01 
Gao.ggNM&S 8 0:r>i'':^ ho-A©ff${c^iS^ 

1 0 5 OiClC±ff, mS^iST^t UTTM . 
G, TMA, NH3 feJ:t>*CP2 Mg^'X&fflVV Mg 
F-:^pMA1o.2 Gao.8 NM$: 3 9 0;r>yx h D 

g F-:^P.MI no.olGao.ggNSilMg F-7^pMA 
I0.2 Gao.8 NMil&xSl-l 0Ji-:5o«Mbfcpi![ 

[0 17 5] ov^T^ p3S[#®M- 
[0 17 6] zle)LT^#?3nfe'?x->'^^co^,^r, ^ 

ftJdi-e$>-5 p§il=i>^5J^ hM®^®{C^(D?^CDV 
ft® P SS!=i > Mi±tc 10m mCDipfeiEtt® ?: 

[0 17 7] mz. m.^m^»m^mmLx^^rj^^^:^ 

tt®ffi!Mt-1Ba-r5®) S:;?>i7^-f:;^-L7io ^^^^^ 
^, i^7x-y\5:7 0 0Mm:^(Z)^«y7^tC:$^JU :^F^ 

$:^S*®&S i02 iU^SiSe^ (H^-f) T'^S 
u #«ll&'7^-v-d^>Fbm SS-eu-iffgJg 

C^V>««J5fL^,Sl. 5kA/cm2 

[0 17 8] mmmi o 

*-r, MM;^';^^bTTMGi:NH3 ilSfflW SJ^^ 
#|tCi2^y h Lfc-t>-7r'1'T»IS<^CBtC, 5 0 0"CT', . 
G a N i y '5:€>/'^<v 7 tM5: 2 0 0 7r>^X h a-A(7) 

[0 17 9] 1 0 5 0-C^-e±lf, TMG 

i;NH3 t.<Dm^iJ'7.iiZi/^yi:S7.^M^^ S i F-y 
nMGaNJtU'fc'SnMn^^^ hM5:4 /i mOTji:^ tC 

y [0 1 8 0] ov^T^ -SS?: 8 0 o'CicW, ±SaM*4 
T4. ao.gsNJi.fcy'aiSSlOnM^^^y FJiS:5 0 0^> 

(J^, [0 18l]i^V^T, 8 0 0°CT% IglCDnM^v^y F 
iiJttcy >F-^I no.2 Gao.8N$:2 0:t>^Xh 

50 J^fiXUfe. 
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CO 1 8 2] mz. 1 0 5 0 ttC±lf, m^io'^ 

ilbTTMG, TMA, NH3 jcO^C P2 Mg 
V\ Mg K--^p3yAlo.l Gao.g NJ;U'fcS^l® 

[0 1 8 3] m^^X. 10 5 O'CT?. Mg F-^pMA 
I0.3 Gao.7 NJ:'j7S;4lg2 0)pS!i'^<V FM5:0. 

[0 1 84] 1 0 5 O'C'rMg K-:/GaN 

J;'J;S;5pS!3^'^f^ hM5:l. 0 Am(7)/fSm«^ 

[018 5] ^^iim SuS?:^*-C'Ttf. -^x- 

hM®*ffit-S i02 CDilSrlS^U 
CD ±SSM&^\^, T i i: A li y JS:5:ft«ffi?:5^lS; b 

[0 18 6] mz. m.it^^i^M^m^^r\>^^jt\,^l5 

-iflSiSS:l«*^feilZ15, L^Vvfit@i5l^S2. 0 kA 
/ c m2 ■e9^^StS4 5 0 n mCD Ix— (flllg^^St^^^T' 

[0 18 7] 1 

'y:7rM5:2 0 0:^>yxha-i^<z)jp:sic, nlEGa 

[0 18 8] ?*CIC, S i K-':/nMAlo.3 Gao.7 N 
J:yjfc-5l|2(Z)ni!!i'^'V KMSrO. 5 m m©ji:$ tCJ^ 
^bfe=^. S i F-^nSI no.05Gao.95NJ;U?fcS 
HKDnM^'^-y KM7 1 & 5 0 O^f-^i^'T. h P-A(Z) 

[0 18 9] ISktcy>K--7'I no.2 Gao.8 N^2 0 

0D?g'ffiM5:J^^U ^®±lcMg F-:/piiAlo.3 G 
ao.7 NJ:U?S;-5^2(Z)pS^'V«V FS&O. SmhiO) 
j?S(C, oV^T'Mg K-^pMGaNJ;'J^€>pl[=I> 

[0 19 0] ^4aJiAl^ti^Ml OiHH^iCLT, mi> 
g^S2. OkA/cmZ T'l^^«4 50nm©L/- 
[0 19 1] m^mi 2 



#B€¥ 9- 3^430 
42 '■• „ 

>y y'rJf 5:2 0 OpT^^'*;^ hn-i>,0ji:sic, nSGa 
N J; y nM=l > hJS& 4 m nKDiP^S tCWMM^^ 

[0 19 2] ?^IC, Si F-^nMAlo.3 Gao.7 N 
J:yj&Sl|2(Z)ni?^'7«y KM&O. 5 AmWiS^tCJl? 
fiKUfc^, S i K-^nMI no.OBGao.gsNi'J&S 
m CD n§3i7 ^ 0 . 1 n mCDjSS tCJ^fi&bfeo 

[0 19 3] •:^V^-C^ y> F-:^ I no.2 Gao.8 
2 0 :f :^ F n - ^ lC^:S$-liT#-*^^#F' 

#jt(Z)?S14M&?^^5<;U ^co±tcMgF-^paAi' 
0 1 Gao.9 N ^ ^)r£^m I (Dvm^^^yh'M^o. 1 

Mm(Dff$tC^S$-&. $&lCMg F-^pMAlo.3 
Gao.7 Niy'fc-&l|2©pM^^^yFJf 5:0. S^m 
Oip:^(C^;B:3-ti. SmiCMgF-^pMGaNiUTS: 

[0 19 4] ^tlJ^AI^ii^^Jl 0 illH^fCbT, 
nfcLD^d^l^-- 9'^5:t**fei:^5, ^MIO 
fe<J:l>*l l(DLD^?•®bt^'^'f8«?^.^SJ:Ut){£v^b 
20 ^ V 1 . 0 k A/ c m2 T'ISMS54 5 0 n 

[0 19 5] USS^'iJia A\CX\a/ 

Z-Omm^nt^ ^l(Z)nMi7^^y FSfeJ:t>'-?&f4Jl©?^ 
f!§;&I^S> ^^Ji 2i;lwi«?ofc„ -r^Sitot), Hi 
©nM^'v-v FJiilb'r, S i F-::^niyi no.OsGa 
0 95N(Z)f^'J^C, S i F-^nMGaNM5:0. 1 /i 

{C, ^>F-^Ino.4 Gao.6 NfiPM^^ OTty^^' 

xha-2^(Z)/»StCfife;i:S-&< -e©±lc/:/F-:/in 

30. AO GSG ao 22^^^^ 5 O^f^yx h D-A®;?$IC 
" fig«$-&-l)i:v^e)^$:.^'>i^b, ffpS/lt^/^ 
Fjf/I^M®/#pMi;^^^' sM^fi^-eWJi 9 OTl- 

Ac. 

[0 19 6] #'btifeLDigT-(C-:3V>T, ^^i^Jl 0 il 
|WI^{cbTU-1^*56ffi&M^feii^5« b^VN-faa^^SB 
;g0. 9 k A/cm2 T'5 0 0 nm®l/— !f|§ffi5:7r;b 

^M14 ^5C^VA/. 2 A^ji^ 

40 Hl®pg^i:7 5>y FM^J^^bfefg, H2(Z)pM^^^y 
FJi5:?1^)?gt--&^ii«< pMn>^f hJS5:?^^bfe^ 

pi!!n>ati'bM±tc, mmmm^^^-t^z. 

hrA<. N i ilAu .tU^SlESfS^ritgcJ^^b, n§y 
n>^i7 h;g(Z)Sffi*®cTii:AiiU^^A«tS5: 
50 J^^bfe. :ie)bT, mM©LED^^^S:#7t. ^OL 
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EDm^ii. I f 2 OmAtCfeV^T, Vf 3. 5V, 
jfm^4: 5 0 n m(D9^mt L, m^iUzbit 6 mW 

[0 19 7] mmij^ — its^^.X'N o.-s, 
ussM 1 0 i: wm^^yz. if 7 r -r r^-tic p > 

hSroSm^MlcT i i: A 1 i y fA^-^Wm.^ 

D^^li, I f 2 0mA{Cj3V\T, Vf 3. 5 V. 
m-R^ 5 0 n in®»#,58^5:^L, Wt\&M 6 mWil 

[0 1 9 8] ^Pt^e— ~ iC^W ^^fl 
^MlO^I^^LT, if7r-YTS^t-> GaN 20 

^ {C fev 1 CD n§y >v FJi i: tj-f^ffl-r-Sp 

[0 19 9] nmny^f^ KiftDJtfC, y >K- 

ZflnQ,2 Gao.8 N 5: 3 0>r>i^X h n-A<73^StC 

[0 2 0 0] oV^■T?, MgK-^pSAlo.l Gao.9 
NJ:y^i;i)||l®pS5^'^^v F®$:0. 0 5 AniiCDiJS 
{Cfig^S-lt, ^CD±lCMg F--/PMG a N i y ^5 P 30 

[0 20 1] Lt?)^^^. 4i:|Bl#tCUT, T- 

- y > ^'ic J: § p §i!^'fi:ife)ifiaS^jsMcD{gigi5t^(:> e .fc 

piS!=3>4f^' hM-ttCN i ilAuiU^j; 

^jE9m^m.m^^L. nm:ny^i7hmcDmiiimmiz 

TiilAliU^-SAM^rJ^fiXbfeo 3e)bT, mM 
a? L E D^T-2:#fe„ Z.(DLE D|g^-l±, I f 2 0 mA 
tCfeV NT, V f 3 . 5 V, ^rn^'i 5 0 n mCD»fe#e 

[0 2 0 2] mm 1 7 ^ bc^w 

•?S'[4Jli:LTI no. 4 Gao.6 N$: 5 0?l7>i'*X hn- 
J: y L E D^-?-5:#;^„ Z:® L E D^^-ldU ZIOLED 
^-7-«. I f 20mAlCfcVNT. Vf 3. 5V, Jgjttfi 

[0 2 0 3] m&mi 8 50 
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3^l|WIl2^^&^ToTLD^-5^S:#fe. "TTaifc-^, 
FM±tC#:p;gi:bT>' > F->^I no.l5Gao.85N5: 

Mi:UTy>F-::^i no.osG ao.gsNS 5 o^>i^x 

U *^lc#:RSi:bTy>F-^I no.15Gao.85N 
$:2 5>r>y:;?.ha-/^<Z)^$lCEfc:S$-ti:, SsDSlOO 
0 ;r > i^::^ h P - A(Z)#-Sa^-ff F«^tco?S^4® & 
uy^o ||i(Z)pM^'^>v FSiibT, AI0.05G 
a 0.95N ^ 5 0 9 rt^i?'::^ h □ - A<d;?$ Ic^S^-y: 

(D«MS:^foTmMC)LD^-?$:#fe. 3(7) LD^^- 
tt, L^^MW^i^mi. 0kA/cm2 T'4 1 5nm 

[0 2 0 4] ^■fiajl9 

tcLmz. mio^nWl^^y FJl±lc#m y :^ F 
no.i5Gao.85N5:2 5>*->i^::^Ka-^<7)^S 
icfig:gS-&, ^«)±JCB:^tlLTy > F-^I no.05 
Gao.g5N$:5 OpT^yx hn-A(DJi:$tCfKS$i±5 
i;VN^^{^5:2 GEKi^JiigU S^lC^FMi: UT^ > 
F-^^I no.l5Gao.85N4 2 57}->i7';^.hD-A«)i* 

1. 0 kA/cm2 ■^4 1 5 nmroi/— 

[0 2 0 5] |ISgM2 0 

m^m 1 6 x-nt-*^ l e d^^-^;, nsfeM 1 7 T^ifc 

iiSifeLED^^fc, tj!^®GaAs^*mSfct*AlI 
nGaP^>CD|tmU7S:5f§^ffi;^;3mW, 6 6 0 nm 
(Dm^ L E D i;CO^n-?-'tv— <@-5"o 5: 1 F>v h il-rs 2 
5 6X2 5 6lfflil<7)-7;V;*r^-LEDT-*-f X^U-f 

[0 2 0 6] 

[|lI®coffl^^Si0^] 

[H 1 ] ^wno:)^ 1 ©Mffiic i 

[0 2 ] ^mm<^m i coffiii® j; s^-ftif^iii^^^^g^ 

[03] *f§B^Ol|2CCi{|,lM{Cj;^Mftiii%4^f*IS^ 
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[011] 2^|§^(D||6©^K!I®ICJ:SI 

[013] 2is:^^<DM'fti&^<*=lfet^^-t-^3l:^S^ 
^^^■70. 
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[014] ^mM(Dmitm^wmm^^^^<''}^^ 

[015] im^mmm^wmmi-\^^^-i^ p §2 
A 1 G a N 7 FJi®;?^ }Lmm'i'<mmh^o^ 

B8^5:a^1-i^^70. 

[016] *5gHS®^{l:ti4i^i*5S)^*^-^-fe'^^nS[. 

IH<14f^-t-^''^70. 

10 [^f^cclJi^] 

11, 9 1, 4 0 \-W^ 

9 3, 4 0 3-nM=l>:5ti7 hM 
21, 34, 54, 50 1. 94, 294, 29 
294 b, 4 14, 4 1 2-niE^''7^y K® 
9 5, 4 0 5-?g14M 

4 1, 5 6, 50 2, 9 6, 9 6 a, 9 6 
4 1 6, 4 2 6, 4 3 6-p§a^^-V KJi 
4 0 T-p^ni'^fi' hJi 
4 0 8-:tmfi 
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14, 
4 a, 
1 5, 

16, 3 6, 
b, 2 9 6, 

17, 97, 

18, 9 8, 
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